A simple and sensitive stability indicating HPLC method was developed and validated for quantitative determination of Nitazoxanide (NTZ), a new antiprotozoal drug, in presence of degradation products generated under forced alkaline hydrolysis. Chromatographic separation was achieved on Inertsil C8-3 column (150 3 4.6 mm i.d.) using a mobile phase composed of acetonitrile: 50 mM ammonium acetate buffer (50:50, v/v, pH 5.0 adjusted with acetic acid) at a flow rate of 1 mL/min. Quantification was achieved with UV detection at 298 nm based on relative peak area. The method was linear over the concentration range of 0.8-50 mg/mL (r 5 0.9999) with a limit of detection and quantification 0.0410 and 0.1242 mg/mL, respectively. The developed method has the requisite accuracy, selectivity, sensitivity and precision to assay NTZ in presence of its degradation products either in bulk powder or in pharmaceutical formulations. The degradation products were then identified by HPLC-MS/MS analysis using an electrospray ionization source and an ion trap analyzer.
Introduction
Nitazoxanide (NTZ), as shown in Figure 1A , is a nitrothiazole benzamide compound that has a wide range of antimicrobial activity against parasites, bacterial and viral pathogens. The broad spectrum of in vivo activity is related to its desacetyl derivative, tizoxanide ( Figure 1B) , and includes intracellular and extracellular protozoa, helminthes, aerobic and anaerobic bacteria and virus (1 -8) . It is chemically designated as N-(5-nitro-2-thiazolyl) salicyl amide acetate (9) . It is prescribed for treatment of diseases caused by Giardia intestinalis and Cryptosporidium in immune-compromised patients, including those with AIDS or HIV infection. The drug represents a significant advance in the treatment of intestinal parasitical infections worldwide (10, 11) .
NTZ is not an official drug. Several chromatographic (12 -31) , spectrophotometric (32 -45) and electrochemical (46) analytical methods have been reported for the determination of NTZ in bulk powder, pharmaceutical formulations alone or in combination with other drugs and/or in biological fluids.
Several stability indicating HPLC methods (13) (14) (15) 22) have been reported for the determination of NTZ in the presence of its degradation products. These methods showed that NTZ undergoes slight degradation when exposed to acid, oxidative and photodegradation, but it is highly unstable in alkaline medium and is stable to heat. None of these methods provided identification of the degradation products formed as well as the lower sensitivity of these methods as they determined NTZ at higher concentration levels than the present work.
The present work focuses on detailed study of the alkaline degradation of NTZ due to its high instability in alkaline medium and our aim was to develop a simple and sensitive stability indicating the RP-HPLC method for the quantitative determination of NTZ in presence of its alkaline degradation products and the method was validated according to ICH guidelines (47) . The degradation products were characterized by liquid chromatographytandem mass spectrometry analysis using an electrospray ionization (ESI) source and an ion trap analyzer.
Experimental

Instruments
HPLC instrumentation and conditions
Samples were loaded into Rheodyne 7725i injection valve, equipped with a 20-mL sample loop (Rheodyne, Berkeley, CA, USA). HPLC separation and quantitation were made on Inertsil C8-3 column (150 Â 4.6 mm i.d., 5 mm particle size) with a mobile phase consisting of acetonitrile: 50 mM ammonium acetate buffer (50:50, v/v), pH was adjusted to 5.0 using acetic acid. The mobile phase was filtered using 0.45 mm membrane filters (Millipore, Milford, MA, USA) and degassed by ultrasonic vibrations for 15 min prior to use. An isocratic pump was used to deliver the mobile phase at a flow rate of 1 mL/min (Agilent 1100 Figure 2 . Typical HPLC chromatograms of (A) pure NTZ 10 mg/mL (t R ¼ 5.295), (B) alkaline degradation products formed after 15 min reflux with 0.1 N NaOH (NTZ DegI) equivalent to 10 mg/mL (t R ¼ 1.882, 2.191, 2.635), (C) alkaline degradation products formed after 1 h reflux with 0.1 N NaOH (NTZ DegII) equivalent to 10 mg/mL (t R ¼ 1.882, 2.639).
Series Iso pump G1310A, Agilent Technologies, Santa Clara, CA, USA). The samples were filtered using 0.45 mm membrane filters. The UV-Vis detector (Agilent 1100 Series VWD G1314A) was set at 298 nm. Data acquisition were performed on Agilent LC ChemStation software. All determinations were performed at ambient temperature (258C).
Liquid chromatography-tandem mass spectrometry instrumentation and conditions
Liquid chromatography-tandem mass spectrometry (LC-MS/MS) composed of Applied Biosystem 3200 Q trap with LC consisting of a solvent delivery system and an autosampler (Agilent 1200). The mobile phase consisted of acetonitrile:10 mM ammonium acetate buffer (pH ¼ 4.5) in the ratio of 50:50 at a flow rate 1 mL/min. The mobile phase containing the analytes was flowing directly into a positive and negative electrospray ionization probe (+ESI) of a tandem triple quadruple mass spectrometer (Q trap). The instrument permits various scanning modes such as MS, MS/MS.
Tuning parameters for MS scan for NTZ were optimized in negative mode by direct infusion of NTZ solution at a concentration of 1 mg/mL. The capillary voltage was adjusted at 4 kV, collision energy at 13 eV and collision gas pressure at 3 mbar. All data acquisition were controlled by Analyst 1.5 software.
Materials
Pure standard NTZ standard material was supplied by Sigma Pharmaceutical Industries, 1st zone, Mubarak industrial zone, Quwasnah, El Monofeya-Egypt, it was certified to contain 99.5% (w/w) according to the manufacturer's method. 
Chemicals and reagents
All chemicals and reagents used throughout this work were of analytical grade and solvents were of HPLC grade: (i) Sodium hydroxide (Adwic, Egypt) (ii) Ammonium acetate (Adwic, Egypt) (iii) Acetic acid (Adwic, Egypt).
(iv) Hydrochloric acid (Sigma-Aldrich, Germany).
(v) Acetonitrile (Sigma-Aldrich, Germany).
Solutions
NTZ stock standard solution NTZ standard solution (100 mg/mL) was prepared by accurately weighing 10 mg of NTZ into 100 mL volumetric flask, dissolve in and complete to volume with acetonitrile. The solution was protected from light by wrapping the flask with aluminum foil.
Alkaline degradation products stock solution
An accurately weighed amount of pure NTZ (10 mg) was transferred into two separate conical flasks, the first one was refluxed with 20 mL of 0.1 N NaOH for 15 min (NTZ DegI) and the second one was refluxed with 20 mL of 0.1 N NaOH for 1 h (NTZ DegII). The solutions were then neutralized by adjusting the pH using 0.1 N HCl and transferred quantitatively to 100 mL volumetric flasks. The volumes were then completed using acetonitrile to produce concentration equivalent to 100 mg/mL of each. The degradation process was followed every 15 min and complete degradation was confirmed by HPLC using 50 mM ammonium acetate buffer: acetonitrile (50:50, v/v, and the pH was adjusted to 5.0 using acetic acid).
Laboratory prepared mixtures
Aliquots (1.8-0.2 mL) of NTZ standard solution (100 mg/mL) equivalent to 18 -2 mg/mL were accurately transferred into two series of 10 mL volumetric flasks, to the first series aliquots Solutions for LC -ESI -MS/MS analysis An aliquot of each of NTZ standard solution and NTZ degradation products (NTZ DegI, NTZ DegII) stock solutions was diluted with mobile phase to give a final concentration of 1 mg/ mL. The prepared samples were injected into LC -MS using positive and negativeESI. The MS and MS/MS scans were selected for the identity studies.
Procedure
Calibration of standard solutions Different aliquots (0.08-5 mL) of NTZ standard solution (100 mg/mL), equivalent to 0.8-50 mg/mL, were transferred into a series of 10 mL volumetric flasks and the volumes were adjusted with the mobile phase. An aliquot of 20 mL of each solution was injected into the chromatographic system and processed according to the previously described conditions.
Application to pharmaceutical formulations
Nanazoxid w tablets. Six Nanazoxid tablets (labeled to contain 500 mg NTZ) were accurately weighed and finely powdered. An accurate weight of the powdered tablets equivalent to 10 mg NTZ was transferred into a 100-mL volumetric flask, extracted with 50 mL acetonitrile in an ultrasonic bath for 10 min and diluted to volume with the same solvent. The solution (100 mg/mL) was shaken again for 10 min in the ultrasonic bath and filtered. Different aliquots (0.4, 0.6 and 1 mL) were transferred into a series of 10 mL volumetric flasks and the volumes were completed with the mobile phase to produce solutions of concentrations equivalent to 4, 6 and 10 mg/mL of NTZ, respectively. The procedure was completed as described under calibration and the concentrations of NTZ were calculated from the corresponding regression equation. Nitazode w suspension. The whole bottle was emptied and the powder was accurately weighed. An accurately weighed amount of powder equivalent to 10 mg NTZ was transferred into a 100-mL volumetric flask, then the procedure was completed as described above.
Results and discussion
The literature survey revealed that NTZ is liable to acid, alkaline, oxidative and photodegradation (12-15, 22, 24) . In this work, we are focusing on the alkaline degradation of NTZ as it shows a high degree of instability in alkaline medium.
HPLC analysis
Nitazoxanide was subjected to hydrolysis under alkaline-stress conditions by refluxing with 0.1 N NaOH and degradation was followed every 15 min by HPLC [C18 column, mobile phase: 50 mM ammonium acetate buffer-acetonitrile (50:50, v/v), pH adjusted to 5.0 using acetic acid and detection at 298 nm]. It was found that complete degradation occurred after 15 min (NTZ DegI) with the formation of three degradation products. By following the degradation procedure, it was found that the peak area corresponding to one of the formed degradates decreased gradually with the increase in the area of one of the other two peaks. After 1 h (NTZ DegII), two final degradation products were obtained without further change. Representative chromatograms showing the degradation process are shown in Figure 2 .
In order to optimize the proposed HPLC method, several trials were carried out to obtain good and optimum separation of NTZ from its degradation products. Initially, methanol and acetate buffer in different ratios as (60:40 and 65: 35 , v/v) were tried, but this showed peak broadening. Acetonitrile was tried with methanol and acetate buffer in the ratio (30:30:40 , v/v/v), but this resulted in decreased peak symmetry, so methanol was totally replaced by acetonitrile. The effect of changing the ratio of the organic modifier on the retention times was investigated and finally, it was found that acetonitrile:acetate buffer in the ratio (50:50, v/v, pH adjusted to 5.0 using acetic acid) with a flow rate of 1 mL/min was most suitable to get resolved and sharp peaks. The optimum wavelength for detection and quantification was 298 nm, at which good detector response was obtained with symmetrical peaks. Upon applying the previously described HPLC optimum experimental conditions, good and efficient separation was observed between NTZ and its alkaline degradation products (NTZ DegI and NTZ DegII), Figure 3 .
Linear relationship was obtained for NTZ between the relative peak areas and the corresponding concentrations, Supplementary data, Figure S1 . The regression equation was computed and found to be:
A ¼ 0:1008C þ 0:0067; r ¼ 0:9999 where A is the relative peak area, C is NTZ concentration in mg/mL and r is the correlation coefficient.
System suitability was checked by calculating different parameters such as capacity factor, tailing factor, column efficiency (N), selectivity and resolution factors, where the system was found to be suitable relative to the reference values, Supplementary data, Table S1 .
Validation (47) of the proposed method was constructed by determining the linearity, range, accuracy and precision (Table I) .
The proposed HPLC method was successfully applied for the determination of NTZ in pure powdered form with mean percentage recoveries of 100.1 + 0.397% (Table II ). Figure 7 . MS spectra of (A) NTZ alkaline degradate (NTZ DegII) corresponding to the peak at t R ¼ 1.882 in Figure 2C in negative mode, (B): NTZ DegII corresponding to the peak at t R ¼ 2.639 in Figure 2C in positive mode.
The specificity of the proposed method was proved by the analysis of laboratory prepared mixtures containing different ratios of NTZ-NTZ DegI and NTZ-NTZ DegII, satisfactory results were obtained for NTZ in the presence of up to 90% of both NTZ DegI and NTZ DegII (Table III) .
The proposed HPLC method has been successfully applied for the determination of NTZ in Nanazoxid w tablets and Nitazode w suspension. The validity of the method was further assessed by applying the standard addition technique (Table IV) .
The results obtained for the analysis of NTZ in its pure form by the proposed HPLC method were statistically compared with those obtained by applying a reported HPLC method (14) . The calculated t and F values were less than the tabulated ones at 95% confidence level, which reveals that there is no significant difference between the two methods with respect to accuracy and precision (Table V) .
Identification of degradation products by LC-ESI-MS/MS analysis
The MS scan of a reference solution of NTZ in negative ion mode showed a strong signal at m/z 305.9 [M2H] 2 which refers to the deprotonated molecular (parent) ion of the drug ( Figure 4A ). The MS/MS scan of NTZ showed daughter ions at m/z (305.9, 263.9 and 185.9) ( Figure 4B ), the signal formed at m/z 263.9 [M2H] 2 was assigned to tizoxanide ( Figure 1B) , which is the active metabolite of NTZ formed through de-acetylation of the parent ion.
Scanning of NTZ DegI solution in negative ion mode showed two strong signals at m/z 178.9 [M2H] 2 and 136.9 [M2H] 2 (Figure 5A ), which were assigned to acetyl salicylic acid and salicylic acid, respectively. By scanning NTZ DegI solution in positive ion mode, a signal appeared at m/z 146.1 [M2H] þ (Figure 5B ), which corresponds to 5-nitro-1,3-thiazol-2-amine resulting from the hydrolysis of the amide linkage of NTZ. The MS/MS scan of the product ion at m/z 178.9 [M2H] 2 corresponding to acetylsalicylic acid showed a major fragment in negative mode at m/z 135.9 [M2H] 2 resulting from the loss of the acetyl group ( Figure 6A) . The ion at m/z 136.9 [M2H] 2 corresponding to salicylic acid shows a major fragment at m/z 93 [M2H] 2 in the MS/ MS scan in negative ion mode ( Figure 6B ). By fragmentation of the ion at m/z 146.1 [M2H] þ in positive mode, it showed a major fragment at m/z 105 [M2H] þ in the MS/MS spectrum ( Figure 6C) .
Scanning NTZ DegII solution in negative ion mode showed a strong signal at m/z 136.9 [M2H] 2 (Figure 7A ), which was assigned to salicylic acid as described above, and in positive ion mode, it showed a strong signal at m/z 146.1 [M2H] þ ( Figure 7B ), corresponding to 5-nitro-1,3-thiazol-2-amine.
Tuning parameters for MS and MS/MS scans of NTZ and its alkaline degradation products are listed in Supplementary data, Table S2 .
The degradation pathway of NTZ and the structures of the degradation products formed are shown in Figure 8 . It was found that the main degradation route of NTZ is via hydrolysis of the amide linkage and the ester linkage. Upon refluxing of NTZ with 0.1 N NaOH for 15 min (NTZ DegI), complete degradation occurred through hydrolysis of the amide linkage and partial hydrolysis of the ester linkage giving three degradation products which are acetyl salicylic acid, salicylic acid and 5-nitro-1,3thiazol-2-amine. By continuing the degradation procedure, gradual de-acetylation of the formed acetyl salicylic acid occurred giving salicylic acid, which explains the gradual decrease in the peak area of one of the degradation products with the increase in the area of the other one in HPLC. After 1 h, only two degradation products were detected, which are salicylic acid and 5-nitro-1,3-thiazol-2-amine.
So NTZ must be properly stored to avoid the presence of salicylic acid resulting from the degradation process, which exposes the patient to toxicity.
Conclusion
The suggested method is simple, accurate, selective and sensitive. Application of the proposed method to the analysis of NTZ in laboratory prepared mixtures and pharmaceutical formulations showed that neither the degradation products nor the excipients interfere with the determination, indicating that the proposed method could be applied as stability indicating method for the determination of NTZ in presence of its degradation products either in bulk powder or in pharmaceutical formulations. Also identification of the degradation products was successfully achieved by LC -ESI -MS/MS analysis.
